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Objective To evaluate diaphragmatic motion via M-mode ultrasonography and to correlate it with pulmonary 
function in stroke patients. 

Methods This was a preliminary study comprised of ten stroke patients and sixteen healthy volunteers. The 
M-mode ultrasonographic probe was positioned in the subcostal anterior region of the abdomen for transverse 
scanning of the diaphragm during quiet breathing, voluntary sniffing, and deep breathing. We analyzed 
diaphragmatic motion and the relationship between diaphragmatic motion and pulmonary function. 
Results All stroke patients had restrictive pulmonary dysfunction. Compared to that exhibited by control subjects, 
stroke patients exhibited a significant unilateral reduction in motion on the hemiplegic side, primarily during 
volitional breathing. Diaphragmatic excursion in right-hemiplegic patients was reduced on both sides compared 
to that in control subjects. However, diaphragmatic excursion was reduced only on the left side and increased on 
the right side in left-hemiplegic patients compared to that in control subjects. Left diaphragmatic motion during 
deep breathing correlated positively with forced vital capacity (rho=0.86, p=0.007) and forced expiratory volume 
in 1 second (rho=0.79, p=0.021). 

Conclusion Reductions in diaphragmatic motion and pulmonary function can occur in stroke patients. Thus, this 
should be assessed prior to the initiation of rehabilitation therapy, and M-mode ultrasonography can be used for 
this purpose. It is a non-invasive method providing quantitative information that is correlated with pulmonary 
function. 
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INTRODUCTION 

The diaphragm is the major respiratory muscle, con- 
tributing up to 70% to resting lung ventilation. Since the 
diaphragm has a major role in respiration, knowledge 
of the effects of stroke on diaphragmatic function is im- 
portant for the rehabilitation of hemiplegic patients. 
Control of the diaphragm occurs via two major descend- 
ing pathways: the corticospinal pathway from the cortex 
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to the respiratory motor neurons, which is responsible 
for voluntary breathing; and the bulbospinal pathway, 
which descends from the medulla through the ventrolat- 
eral quadrant of the spinal cord to the respiratory motor 
neurons and controls automatic breathing. There is also 
a putative connection between the motor cortex and the 
pontomedullary respiratory centers [1-3]. Because of the 
complexity of diaphragmatic motor control, the effect of 
stroke on diaphragmatic motion is controversial. Hous- 
ton et al. [4] suggested that a significant bilateral reduc- 
tion in diaphragmatic motion occurs during deep breath- 
ing. However, Cohen et al. [5] proposed a significant 
decrease in diaphragmatic excursion on the hemiplegic 
side during volitional breathing compared to that of au- 
tomatic breathing. 

Diaphragmatic motion can be readily studied with 
fluoroscopy. However, fluoroscopy is not portable and 
requires ionizing radiation. An alternative method is 
ultrasonography. Ultrasonography not only avoids these 
disadvantages of fluoroscopy but, unlike conventional 
fluoroscopy, can also simultaneously determine direct 
quantitative and qualitative information [6,7]. Recent 
studies have reported that M-mode ultrasonography is 
reproducible, reliable, and relatively easy to use for ana- 
lyzing diaphragmatic motion [8,9]. We found no publi- 
shed study that used M-mode ultrasonography to separa- 
tely compare diaphragmatic motion for the right and left 
sides during the three types of breathing (quiet breathing, 
voluntary sniffing, and deep breathing) in stroke patients 
within 4 weeks after onset. Thus, in the present study, we 
sought to determine the effects of stroke on diaphrag- 
matic motion using M-mode ultrasonography and to cor- 
relate diaphragmatic motion with pulmonary function in 
hemiplegic stroke patients. 

MATERIALS AND METHODS 

Subjects 

Ten stroke patients (eight men and two women; mean 
age, 59.7±12.9 years) who were within 4 weeks after onset 
were recruited. Four patients had right-sided hemiple- 
gia, and six had left-sided hemiplegia. Only patients with 
a first monohemispheric stroke above the brain stem, 
as documented via computed tomography or magnetic 
resonance imaging, were included. Exclusion criteria 
included a history of smoking, significant cardiorespi- 



ratory or other neuromuscular disease, tracheostomy, 
obesity (body mass index >30 kg/m 2 ), chest deformity, 
cognitive impairment (Mini-Mental State Examination 
score <20 points), severe aphasia, or anosognosia render- 
ing patients uncooperative. Selection of control subjects 
(six men and ten women; mean age, 56.1±9.3 years) was 
based on the same exclusion criteria. 

All patients and healthy subjects were informed of the 
study and provided written, informed consent. 

Pulmonary function test, blood gas monitoring, and 
functional level measurements 

Pulmonary function testing was performed, including 
measurement of forced vital capacity (FVC), forced ex- 
piratory volume of 1 second (FEVj, and FEVj/FVC ratio 
using an MS03 spirometer (Micro Medical Ltd., Chatham 
Maritime, Kent, UK). The tests were performed with the 
subject in a sitting position. All values were compared to 
normal reference ranges and interpreted according to the 
results of previous studies [10]. Capnography and pulse 
oximetry were performed with a C02SMO monitor (No- 
vametrix Medical Systems Inc., Wallingford, CT, USA) for 
non-invasive blood gas measurement. Sensory probes of 
the pulse oximeter of the C02SMO device were attached 
to the affected index finger to reduce movement artifacts 
during monitoring of oxygen saturation [11]. A nasal car- 
bon dioxide (C0 2 ) sampling cannula (Cat. No. 8781) con- 
nected to dehumidification tubing was used for end-tidal 
C0 2 monitoring. These values were measured every other 
day, and mean values were used for analysis. 

The Korean Modified Barthel Index (K-MBI) was used 
to evaluate the subject's ability to perform daily living ac- 
tivities. 

Ultrasonographic measurement 

A Philips iU22 (Philips Medical System, Bothell, WA, 
USA) ultrasonographic machine was used, programmed 
for a depth of 250 mm with the slowest sweep speed 
(10 seconds per screen) and equipped with a 1-5 MHz 
convex transducer for M-mode analysis. All subjects 
remained in the supine position, with a 30° incline of 
the upper part of the body. Before each examination, all 
subjects were asked to rest for at least 30 minutes. Be- 
cause diaphragmatic excursion between the right and left 
hemidiaphragms varies, even in normal subjects [12,13], 
we measured diaphragmatic motion on each side inde- 



30 



www.e-arm.org 



Ultrasonographic Diaphragmatic Motion in Stroke Patients 



pendently. 

Ultrasonographic study of the right hemidiaphragm 
Ultrasonographic analysis of diaphragmatic excursion 
was performed as described in previous studies [8,9]. An 
anterior subcostal approach was used for visualizing the 
right diaphragm (Fig. 1). This required the transducer 
to be placed on the abdomen at the right mid-clavicular 
line in the anterior subcostal region. Initially, the inferior 
vena cava was identified in the right of the field using B- 
mode scanning; the gall bladder then was found in the 
middle of the screen. The right hemidiaphragm appeared 
as a thick, curved line with hyperechogenicity. The trans- 
ducer was directed medially, cranially, and dorsally so 
that the ultrasonographic beam reached the posterior 



third of the right diaphragm. The greatest craniocaudal 
excursion occurs in this region of the diaphragm [14,15]. 
In this position, imaging was then changed to M-mode 
to measure diaphragmatic motion by placing the Mbeam 
line at approximately 30° from the craniocaudal central 
line. The hemidiaphragm was measured during quiet 
breathing, voluntary sniffing [16], and deep breathing. 

Ultrasonographic study of the left hemidiaphragm 
A subcostal approach was used, with the probe posi- 
tioned between the anterior and mid-axillary lines (Fig. 
2). B-mode transverse scanning was performed to visual- 
ize the maximum distance of the hilum from the spleen 
at the center of the screen. M-mode ultrasonography 
could then assess the diaphragmatic motion pattern, 




Fig. 1. (A) Ultrasonographic ap- 
proach to the right diaphragm. 
The transducer was placed on the 
anterior subcostal region at the 
right mid -clavicular line. (B) Right 
diaphragm viewed as a hyperecho- 
genic line on the B-mode screen. 
The inferior vena cava (IVC) is vis- 
ible on the right side of the screen, 
and the gall bladder is present at 
the center of the screen. The M- 
beam line is angled approximately 
30° to the vertical line. 




Fig. 2. (A) Ultrasonographic ap- 
proach to the left diaphragm. The 
transducer was placed on the an- 
terior subcostal region between 
the anterior and midaxillary lines. 
(B) Left diaphragm viewed as a hy- 
perechogenic line on the B-mode 
screen. The hilum of the spleen is 
viewed at the maximum distance 
on the screen. The M-beam line 
is angled approximately 30° to the 
vertical line. 
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placing the M-beam line as described above during the 
three types of breathing. 

Measured variables 

Diaphragmatic excursion was measured with the M- 
mode setting. Measurement of the amplitude of the ex- 
cursion during quiet breathing and deep breathing mea- 
surements was performed by drawing a vertical line with 
the first caliper placed at the foot of the inspiration slope 
corresponding to the end of normal expiration with the 
other caliper fixed at the inspiratory peak (Fig. 3A, B). For 
the amplitude of excursion during voluntary sniffing, the 
vertical axis of the tracing from the baseline to the point 
of the apex of the inspiration graph was measured (Fig. 
3C). Five consecutive respiratory cycles were recorded 
for each type of breathing, and maximal values were se- 
lected. 

Statistical analysis 

A comparative analysis was conducted between the 
control subjects and the hemiplegic patients using the 
Mann-Whitney U test with respect to anthropometric 
data, blood gas monitoring, and pulmonary function. A 
Kruskal-Wallis test was used to determine significant dif- 
ferences among the three groups (healthy subjects and 
right- and left-hemiplegic patients) in the mean values 
of diaphragmatic excursion; a Mann-Whitney U test with 
a Bonferroni correction was used for post-hoc testing. 
Finally, Spearman correlation analysis was used to de- 



termine the association between diaphragmatic excur- 
sion and pulmonary function or K-MBI scores in stroke 
patients. It was also used to determine the correlation 
between pulmonary function and K-MBI scores in stroke 
patients. Data are expressed as the mean±standard devi- 
ation, p-values <0.05 were considered to indicate statisti- 
cal significance. All statistical tests were conducted using 
the SPSS software ver. 12.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

We found no statistically significant difference be- 
tween healthy subjects and stroke patients in age, height, 
weight, or body mass index (Table 1). No significant dif- 
ference between healthy subjects and stroke patients was 
observed in blood oxygen saturation (Sa0 2 ; p=0.116) or 
end-tidal carbon dioxide (ETC0 2 ; p=0.424). There was a 
tendency for the mean Sa0 2 and mean ETC0 2 values to 
be lower in stroke patients than in control subjects. All 
control subjects had normal values on pulmonary func- 
tion testing. However, stroke patients exhibited differing 
degrees of ventilatory restrictive dysfunction, ranging 
from mild (five cases) to moderate (four cases) to se- 
vere (one case). As a result, significant differences in the 
mean values of FEV\ (L; p=0.022), FEV l (% of predicted; 
p<0.001), FVC (L; p=0.008), and FVC (% of predicted; 
p<0.001) were observed between stroke patients and 
control subjects. 

Among healthy subjects, men had greater diaphrag- 





Fig. 3. (A) Measurement of diaphragmatic excursion (DE) during quiet breathing on the M-mode screen. (B) Measure- 
ment of DE during deep breathing on the M-mode screen. DE is represented by the vertical axis between the line pass- 
ing through the end of the normal expiration and inspiratory peaks. (C) Measurement of DE during voluntary sniffing 
on the M-mode screen. DE is represented by the vertical line between the baseline and the peak of the inspiration 
graph. 
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matic motion than did women, except on the right side 
during quiet breathing and voluntary sniffing (Table 2). 
Compared to control subjects, left-hemiplegic patients 
exhibited a significant unilateral reduction in diaphrag- 
matic excursion on the hemiplegic side during quiet 
breathing, voluntary sniffing, and deep breathing, and 
right hemiplegic patients did so during deep breathing 
(Fig. 4 and Tables 3, 4). We found no significant difference 
in diaphragmatic excursion between right-hemiplegic 
patients and control subjects during quiet breathing or 



Table 1. Anthropometric data and pulmonary function 
test results 





Controls 


Stroke patients 


Age (yr) 


56.13±9.31 


59.70±12.90 


Height (cm) 


160.00±8.25 


164.00±9.70 


Weight (kg) 


61.19±9.94 


62.10±12.96 


BMI 


24.01±2.67 


23.09±4.94 


Sa0 2 (%) 


97.44±1.79 


96.20±2.39 


ETC0 2 (mmHg) 


34.88±2.13 


34.10±2.88 


FEVi (L) 


2.29±0.48 


1.83±0.52* 


FEV^ro of predicted) 


92.44±10.24 


66.00±8.87** 


FVC(L) 


2.64±0.52 


2.02±0.55** 


FVC(% of predicted) 


88.25±7.88 


58.60+9.37** 


FEVi/FVC (%) 


86.68±4.62 


91.24±6.61 



Values are presented as mean±standard deviation. 
BMI, body mass index; Sa0 2 , blood oxygen saturation; 
ETC0 2 , end-tidal carbon dioxide; FEV 1; forced expiratory 
volume in 1 second; FVC, forced vital capacity; FEVj/ 
FVC, ratio of FEV 1 to FVC. 



*p<0.05, **p<0.01. 



voluntary sniffing. However, there was a tendency for the 
diaphragmatic motion to be reduced in right-hemiplegic 
patients relative to control subjects. Diaphragmatic ex- 
cursion in right-hemiplegic patients was reduced on both 
sides compared to control subjects. However, diaphrag- 
matic excursion in left-hemiplegic patients was reduced 
only on the left hemiplegic side, and it was increased on 
the right, nonhemiplegic side, compared to control sub- 
jects. 

We observed a significant positive correlation between 
left diaphragmatic excursion during deep breathing and 
FEVi (rho=0.7, p=0.021) and FVC (rho=0.86, p=0.007) in 
stroke patients. However, no significant correlation be- 
tween diaphragmatic excursion and K-MBI scores was 
observed. K-MBI scores were also not significantly corre- 
lated with pulmonary function in hemiplegic patients. 



Table 2. Diaphragmatic excursion in healthy subjects 





Quiet 


Voluntary 


Deep 




breathing 


sniffing 


breathing 


Right diaphragm (cm) 


Men 


2.30±0.43 


3.64±0.98 


7.16+0.95 


Women 


2.67±0.59 


4.1110.84 


6.50+0.91 


Left diaphragm (cm) 


Men 


2.43±0.51 


3.89+0.14 


7.16+0.56 


Women 


2.37±0.66 


3.71+0.65 


5.78+0.76 



Values are presented as mean+standard deviation. 




Quiet breathing Voluntary sniffing Deep breathing Quiet breathing Voluntary sniffing Deep breathing 



Fig. 4. (A) Right diaphragmatic excursion in control subjects and right- and left-hemiplegic stroke patients. (B) Left 
diaphragmatic excursion in control subjects and right- and left-hemiplegic stroke patients. *p<0.05, **p<0.01. 
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Table 3. Right diaphragmatic excursion in control subjects and right- and left-hemiplegic patients (unit, cm) 





Control subjects 


Right- hemiplegic patients 


Left-hemiplegic patients 


Quiet breathing 


2.53±0.55 


2.2110.90 


2.86+0.43 


Voluntary sniffing 


3.93±0.90 


3.39+1.41 


5.12+1.08 


Deep breathing 


6.75±0.95 


3.90+1.64* 


7.38+1.59 



Values are presented as mean+standard deviation. 
*p<0.05. 



Table 4. Left diaphragmatic excursion in control subjects and right- and left-hemiplegic patients (unit, cm) 





Control subjects 


Right-hemiplegic patients 


Left-hemiplegic patients 


Quiet breathing 


2.39+0.59 


2.36+0.35 


1.59+0.37* 


Voluntary sniffing 


3.78+0.52 


3.57+0.64 


1.83+1.97** 


Deep breathing 


6.47+0.96 


4.90+1.46 


3.23+1.08** 



Values are presented as mean+standard deviation. 
*p<0.05, **p<0.01. 



DISCUSSION 

Stroke patients are predisposed to hypoxia due to ch- 
anges in the central regulation of respiration [17], sleep 
apnea [18], and weakness of the respiratory muscles 
[19]. In our study, oxygen saturation values were lower in 
stroke patients than in control subjects; however, this dif- 
ference was not statistically significant. This may be due 
to the characteristics of the patients recruited and the 
time of oxygen-saturation measurement. We included 
only those stroke patients without any of the risk fac- 
tors that contribute to hypoxia, such as smoking, atrial 
fibrillation, and ischemic heart disease. Additionally, 
Sa0 2 monitoring was performed in the afternoon or early 
evening before night. Stroke patients have a lower mean 
nocturnal oxygen saturation than baseline daytime oxy- 
gen saturation and exhibit a high prevalence of nocturnal 
hypoxia [20,21]. The ETC0 2 of stroke patients was lower 
than that of control subjects, and this may be attributable 
to central hyperventilation or a respiratory compensa- 
tion mechanism [20]. The FEV 1; FEV X (% of predicted), 
FVC, and FVC (% of predicted) were significantly lower 
in stroke patients compared to those in control subjects, 
and all stroke patients had restrictive pulmonary dys- 
function, as observed in previous studies [19,22]. The 
deterioration of respiratory function in stroke patients 
may result in decreased aerobic exercise endurance and 
reduced cough effectiveness, contributing to frequent re- 
spiratory infections that can increase morbidity, mortal- 



ity, and hospitalizations. It is thus important to provide 
rehabilitation therapy to improve pulmonary function in 
stroke patients. 

The majority of measurements obtained from control 
subjects for our ultrasonographic analysis of diaphrag- 
matic excursion were higher in men than in women 
because gender is an important factor in diaphragmatic 
excursion [8]. Most of the diaphragmatic excursions of 
controls in our study were higher than those in the study 
of Boussuges et al. [8]. This may have resulted from dif- 
ferences in posture during the ultrasonographic study. 
Diaphragmatic motion is greater in the supine position 
than in the erect or sitting position because the postural 
control exercised by the crural portion of the diaphragm 
is eliminated in the supine position, allowing greater 
excursion [23]. Subjects in the study conducted by Bous- 
suges et al. [8] were standing when they underwent ultra- 
sonographic measurements. However, our subjects were 
in the supine position, with a 30° inclination of the upper 
part of the body. 

In our study, left-hemiplegic patients showed a signi- 
ficant decrease in diaphragm movement during quiet 
breathing, voluntary sniffing, and deep breathing com- 
pared to that showed by control subjects. We also ob- 
served a significant reduction in diaphragmatic excur- 
sion on the hemiplegic side during deep breathing by 
right-hemiplegic patients compared to that by controls. 
A significant reduction was observed only unilaterally on 
the hemiplegic side, primarily during volitional breathing 
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(voluntary sniffing, deep breathing) rather than during 
autonomic breathing (quiet breathing). This observation 
is consistent with the study conducted by Cohen et al. [5] 
that reported that half of stroke patients had significantly 
reduced diaphragmatic excursion on the hemiplegic side 
during voluntary breathing. This reduction may result 
from the properties of the innervations. Many studies 
using cortical magnetic stimulation have demonstrated 
that each hemidiaphragm is represented in the unilateral 
contralateral cortex [19,24,25]. However, in our study, no 
significant reduction in hemiplegic-sided diaphragmatic 
excursion was observed in right-hemiplegic patients dur- 
ing voluntary sniffing although it was volitional breath- 
ing. This may reflect a difference in the surrounding 
structures of the right and left diaphragm. For example, 
the liver adjacent to the right hemidiaphragm may pro- 
tect it from the pressure exerted by the visceral contents 
that can interfere with diaphragmatic excursion during 
inspiration. However, this does not occur on the left side. 
Thus, the left hemidiaphragm may experience more 
significant reductions than the right hemidiaphragm. 
There was also a significant reduction in diaphragmatic 
excursion among left-hemiplegic patients during quiet 
breathing, which is not volitional breathing. Despite tak- 
ing great care to ensure that breathing was automatic, we 
could not be absolutely certain that all breaths during the 
examination were non-volitional, and it is possible that 
combined autonomic and voluntary breathing occurred. 
We also observed a difference in the gross pattern of the 
changes in the diaphragmatic excursion of hemiplegic 
patients compared to that in control subjects, although 
the difference was not statistically significant. Specifi- 
cally, diaphragmatic excursion was reduced in right- 
hemiplegic patients on both sides; however, in left-hemi- 
plegic patients, it was reduced on the left hemiplegic side 
and increased on the right side, likely as a result of some 
underlying compensatory mechanism [5] . This may have 
been partially caused by the various forms of cerebral le- 
sions in the affected hemisphere; these lesions may affect 
corticospinal projections to the phrenic nucleus differ- 
ently in right- and left-hemiplegic patients. Additionally, 
we believe that there may be asymmetry in the cortical 
representation of the right and left hemidiaphragms. 
However, no extant published study has demonstrated 
cerebral dominance for diaphragm innervations that 
would involve differences in cortical representations 



between right and left hemidiaphragms [26]. Despite 
the limited ability to generalize these patterns due to the 
small number of subjects in this study, further research 
involving larger numbers of stroke patients followed over 
a longer period of time will likely yield meaningful re- 
sults. 

Cohen et al. [5] noted a significant positive correlation 
between diaphragmatic excursion and inspired volume 
in hemiplegic patients. In the present study, we also 
observed a significant positive correlation between left 
diaphragmatic excursion during deep breathing by ul- 
trasonography and spirometric volumes (FEV^ rho=0.79, 
p=0.021; FVC: rho=0.86, p=0.007). Thus, ultrasonography 
can facilitate the non-invasive quantification of diaphrag- 
matic motion that is correlated with spirometric volumes. 
This technique also enables permanent recording of 
results for follow-up studies. Therefore, ultrasonogra- 
phy may be useful in the pulmonary evaluation of stroke 
patients. The reason why significant correlation between 
diaphragmatic excursion and spirometric volumes is 
obtained during deep breathing may be associated with 
the characteristics of the FVC and FEVj maneuvers. 
These maneuvers assume a full inhalation through deep 
breathing, rather than quiet breathing, and voluntary 
sniffing prior to beginning the exhalation [16]. Moreover, 
a significant correlation was noted on only one side of 
the diaphragm, which is inconsistent with the findings of 
Cohen et al. [5] who reported correlations on both sides. 
Systematic differences in the method of measurement 
would contribute to this discrepancy. Correlation be- 
tween the inspired volume and hemidiaphragmatic mo- 
tion was better in the supine position [27]. However, in 
the present study, the measurements were not performed 
with the patients in the supine position, whereas Cohen 
et al. [5] did perform measurements in the supine posi- 
tion. Another possible explanation for the discrepancy is 
that spirometry and ultrasonography were not measured 
simultaneously in the present study, unlike in the study 
of Cohen et al. [5] who performed ultrasonography and 
airflow measurements simultaneously. We observed 
no significant correlation between K-MBI scores and 
diaphragmatic excursion or pulmonary function in the 
stroke patients, which may be due to the characteristics 
of K-MBI items themselves. K-MBI items primarily assess 
the basic life skills that require actions of the upper and 
lower skeletal muscles. They do not require a high level 
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of aerobic exercise capacity or endurance. These findings 
indicate that using diaphragm ultrasonography to ac- 
curately predict K-MBI may be difficult. However, further 
research is needed to confirm this point. 

One limitation of this study was that we performed the 
ultrasonography free-hand. Despite our attempt to main- 
tain a firm position on the abdominal plane during ultra- 
sonography, minor movements were probably caused by 
variations in the incident angle of the probe beam that 
would not have occurred with the use of a fixed device. 
In addition, since the number of subjects was small and 
the study involved stroke patients who were selected 
according to strict criteria, there may be limitations in 
applying the results of this study to all stroke patients. 
However, the significance of this study lies in the fact that 
it revealed the usefulness of evaluating diaphragmatic 
motion via M-mode ultrasonography, which is a means 
of assessing pulmonary function in rehabilitation. More- 
over, this study can be a cornerstone for further research 
to confirm the effects of stroke on diaphragmatic motion 
in terms of the correlation between diaphragmatic excur- 
sion and pulmonary function or functional level. 

In conclusion, stroke patients had a significant decline 
in unilateral hemidiaphragmatic motion and pulmonary 
function compared to those in control subjects. There- 
fore, these should be assessed prior to rehabilitation to 
prevent pulmonary complications that would increase 
the associated morbidity and mortality. M-mode ultra- 
sonography can be useful for this purpose since it is a 
non-invasive method for evaluating hemidiaphragmatic 
motion by providing quantitative information that is cor- 
related with pulmonary function test. 
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